Data on the correlation of left ventricular segmental wall motion and electrocardiographic findings are, except for Q waves and ST segment elevation, still controversial. Therefore, in addition to Q waves and ST segment elevation, eight features of the electrocardiogram were studied in 265 patients, 61 with normal coronary arteries and 204 with coronary artery disease. Patients with a QRS duration of 0.12 second or greater were excluded.
Data on the correlation of left ventricular segmental wall motion and electrocardiographic findings are, except for Q waves and ST segment elevation, still controversial. Therefore, in addition to Q waves and ST segment elevation, eight features of the electrocardiogram were studied in 265 patients, 61 with normal coronary arteries and 204 with coronary artery disease. Patients with a QRS duration of 0.12 second or greater were excluded.
Left ventricular wall motion was assessed in the 30°r ight anterior oblique and the 60°left anterior oblique projections and analyzed by the Stanford method and a modification of that method, respectively. Asynergy of a particular segment correlated well with the presence of Q waves in the corresponding electrocardiographic lead or leads, but was also found in other segments.
There was a significant (p < 0.001) correlation between the number of leads with Q waves and the degree of extension of asynergy. The R/S ratio in lead VI and Q Several studies (1-11) have been performed to show the relation between the electrocardiogram and left ventricular wall motion abnormalities. All these investigations assessed the value of Q waves. Only some of these studies (1,6,10,11) evaluated the value of ST segment elevation . We have studied the possible predictive value of other electrocardiographic abnormalities such as ST segment elevation, ST segment depression (at the J point and 0 .08 second after the J point) negative T waves , frontal plane electrical axis , low voltage and notching.
Patients with coronary artery disease constitute the majorit y of our patients . Because it is in this group that decisions have to be made on the risks and benefits of cardiac surgery and other intervention techniques , we concentrated waves in lead V6 appeared to be the most informative about the posterior wall. Loss of R wave voltage had a lower predictive value for segmental asynergy than did Q waves in the same lead. Among patients with electrocardiographic findings of al1 infarct, asynergy was found in 83 to 94%. Patients having Q waves in combination with ST segment elevation manifested more severe asynergy than did patients whose Q waves were not associated with ST elevation. New data are presented for lateral and posterior infarction. Patients having left-axis deviation, low voltage and QRS notching had severe asynergy. ST segment depression and negative T waves gave only limited additional information on wall motion, It is concluded that certain QRS abnormalities correlate highly with asynergy. ST segment elevation is the most important non-QRS abnormality in predicting asynergy. on these patients, comparing them with a group of 61 patients with normal coronary arterie s.
Methods

Patients
This study comprised 265 patients, 225 men and 40 women, aged 17 to 71 years (mean 50.4) who underwent cardiac catheterization because of chest pain . They were admitted to our hospital between April 1977 and October 1981. The group included only patient s whose left ventriculogram and electrocardiogram were of optimal quality. For inclusion in the study, the left ventriculograms had to show optimal contra st filling during a sinus beat not preceded by a ventricular premature contraction . Baseline shift of the 12 lead electrocardiogram was reason to reject patients from the study.
Of these 265 patients, 204 had coronary artery disease and some of these had right or left ventricular hypertrophy , 0735-1097/84/$ 3.00 or both. The remaining 61 patients had atypical chest pain and normal coronary arteries and constituted a control group. All patients had an electrocardiogram showing a narrow QRS complex (0.08 to < 0.12 second).
The diagnosis of previous myocardial infarction was made in 117 patients on the basis of electrocardiographic documentation, combined with the clinical findings and characteristic cardiac serum enzyme changes. In these patients, the time between infarction and the study was at least 3 weeks.
Statistical analysis. Clinical data, the observations on segmental wall motion and the electrocardiographic interpretations of all patients were fed into a Digital VAX 111780 computer using the Statistical Package for the Social Sciences (12) .
Electrocardiogram
A 12 lead electrocardiogram was recorded on the day of cardiac catheterization before the procedure took place. Lead aVR was excluded because it did not provide useful information. No patient had chest pain at the time of the recording or had a myocardial infarction between the time of the electrocardiogram and the end of the catheterization. The electrocardiogram was analyzed for the following criteria of myocardial infarction (Table 1) .
Abnormal Q wave. The diagnosis of an abnormal Q wave required a Q wave duration of 0.04 second or greater or a Q wave voltage greater than 25% of the R wave or a QS complex. The total duration of the abnormal Q wave or QS complex was not measured.
R/S ratio of 1 or more. This criterion applied to leads VI and V 2 • Positive T wave in lead VI' This criterion was met only by a completely positive T wave. It was diagnosed only when the RlS ratio in lead VI or V2, or both, was I or greater.
Decrease of R wave voltage in the precordial leads. A decrease in R wave voltage from lead VI to lead V2, from lead V2 to lead V3 and from lead V3 to lead V4 was considered positive only if the RlS ratio was less than I in leads VI to V 4 (13) .
Infarct electrocardiogram, To compare our results with previously reported data, we combined electrocardiographic signs of myocardial infarction. If a Q wave was present in any lead (except leads III and VI), or R wave loss was seen in leads V 2 to V 4 , or lead VI showed an RlS ratio of I or greater or lead VI had a positive T wave, the electrocardiogram was called an infarct electrocardiogram. Infarct electrocardiograms were classified according to infarct site on the basis of the following electrocardiographic criteria.
Anterior infarct electrocardiogram: presence of Q waves or loss of R wave voltage in lead V 2 , V 3 or V 4 (12) .
Inferior infarct electrocardiogram: presence of Q waves in lead II or aVF (12) .
Posterior infarct electrocardiogram: a posterior site was determined on RlS ratio of I or greater in lead VI, positive T wave in lead V I in the presence of an RlS ratio of 1 or ( 10) .
Lateral infarct electrocardiogram : Q wave in lead I or aV L 112) , Q wave in lead V s or V 6 in the absence of a Q wave in lead s II and aVF (10) .
Combinations of infarct localization s were present in our patie nts. In accordance with publi shed data (14) , the corres ponding segments for the various infarct electrocardiograms were defined as fol1ows:
Anterior Notching of the QRS complex. Th is was defined as a dip of 0.05 mY (0.5 mm) in the asce nding or descending port ion of the QRS complex. Notching was not diagnosed whe n the dip was localized on the top of the R wave, the bottom of the S wave or touched the baselin e . The' electrocardiograms were interpreted independently by two cardiologists. With use of the defined criteria, differences were resol ved by discu ssion .
Cardiac Catheteri zation
Left ventricular wall motion assessment. Left ventriculograph y was performed in the 30°right anterior oblique and 60°left anterior obl ique projections . Without moving the paper attached to the screen of the projector (Arriflex RGT 35), the end-systolic and end-diastolic contours in both projection s were drawn . By assuming that the chest of the patient was the fixed external reference, no corrections were made for motion of the heart. The end-diastolic contour was defined as the largest and the end-systolic contour as the smallest left ventricular contour. When a late systolic contraction pattern of a hypokinetic area was present, the frame show ing the most inward position of the best contracting part was used.
Accordin g to the procedu re described by Ingel s and associates (15-2 1), a line was dra wn in the end-systolic 30°r ight anterior oblique proj ection betw een the lateral aort ic valve edge (B), and the mo st distant point of the ape x (C) . Next , the 69% point (A) was identified (Fig . 1) .
Th e contour in the right anterior oblique projection was divided into five segments (22) . Ald erm an et al. (19) defined the (apical) segment 3 by an angle " a" on either side of the long-axis line (BC) without stating the size of this angle . Because of the adva ntage of havin g identical angles in all patients, we subjectively estimated the size of the apical segment, using the cr iteria of Gen sini (22) , in 30 of the 61 patient s having atypical ches t pain with a "normal" left ventriculogram . In all 30 patients , an angle "a" of appro ximately 40°was found . We also measured the angle "b" between the mitral valve fornix and the lateral aortic valve edge and found it to be 60.4°± 6,3°(mean ± SD). For the purpose of simplicity, we chose an angle "b" of 60°.
To be certain that these angles could also be used in patients with asynergy, we measured 30 ventriculograms of patients with a previous large myocardial infarction with a maximal serum glutamic oxaloacetic transaminase value of more than 200 U/liter (40 U/liter being the upper limit of normal). The same findings for both angles "a" and "b" were found. From these data, we concluded that using fixed angles in the right anterior oblique projection is acceptable in defining the five segments.
Using Alderman's divisions of segments (19), we determined that the angle of segment 1 (anterobasal) is 47°; of segment 2 (anterolateral) 93°; of segment 3 (apical) 80°; of segment 4 (inferior) 53°and of segment 5 (posterobasal) 27° (Fig. 1) .
Ingels et al. (18) did not provide data regarding measurements in the 60°left anterior oblique projection, In this projection, definition of the long axis is frequently very difficult to determine because the apex is often projected within the ventricular shadow. Therefore, we arbitarily decided to define the centric point as follows: line DE is the line between septal aortic valve edge (D) and mitral aortic valve edge (E). In the middle of line DE, a second line is drawn at an angle of 90°toward the ventricle. The "69% point" F of this second line of the end-systolic contour is used as the centric point (Fig. 2) . A division in two segments was made: segment 6 as the septal segment, and segment 7 as the posterolateral segment. In the 30 control patients, we empirically determined segments 6 and 7. It was found that the angle adjoining segment 6 was 110°and the angle adjoining segment 7 was 90° (Fig. 2) , Measurements performed in the 30 patients with myocardial infarction yielded identical results.
After both contours were drawn and the centric point in both projections was calculated, segmental motion was analyzed on a Hewlett-Packard 9874A digitizer and plotted on a Hewlett-Packard 9862A calculator plotter.
This system was programmed to compute percentile shortening of all seven segments by taking points on the end-diastolic contour with a distance of 0.5 em. From these points, the digitizer computed polar coordinates to the 69% point, the crossing points of these coordinates and the endsystolic contour.
The percentile shortening of a mean coordinate was the length of the end-diastolic coordinate minus the end-systolic coordinate, divided by the length of the end-diastolic coordinate. The percentile shortening of a segment was the mean shortening of all coordinates within one segment.
Definition and classification of normal and abnormal segmental wall motion. Normal segmental wall motion was assessed in the 61 patients with atypical chest pain but without coronary artery disease. In 45 of the 61 patients, no abnormalities were found. Fourteen patients had no cardiac abnormalities apart from a prolapsed mitral valve. Two patients were studied after recovery from an episode of chest pain due to idiopathic pericarditis to exclude coexistent coronary artery disease, In these 61 patients, the mean percentile shortening and standard deviation of the seven segments were: segment 1 = 34.5 ± 8.4%; segment 2 = 67.2 ± 14.3 %; segment 3 = 50.8 ± 11.6%; segment 4 = 52.9 ± 10.1%; segment 5 = 39.7 ± 12.7%; segment 6 = 41.9 ± 13.6% and segment 7 = 49.1 ± 9.8%, Although the numbers were too small to establish the exact Gaussian range, visual inspection of the distribution curves suggested an acceptable Gaussian fit for all segments.
For determination of the 95% border at one side of the curve (the lower), the following formula was used:
95% border = mean -1.65 X SD (23).
Thus, the cutoff point between normal and abnormal wall motion was 21% for segment 1, 44% for segment 2, 32% for segment 3, 36% for segment 4, 19% for segment 5, 20% for segment 6 and 33% for segment 7. These values were used for further calculations.
Asynergy was subdivided into three categories: hypokinesia = wall motion reduced to between 5% and the cutoff point as described above; akinesia or absence of wall motion = wall motion -5 to +5%; and dyskinesia or paradoxical left ventricular wall motion = wall motion less than -5%.
Results
Value of the 60°left anterior oblique projection. In 14 (7%) of 204 patients, asynergy was exclusively found in the 60°left anterior oblique projection. In another 18 (9%) of these 204 patients, more severe asynergy was present in the left anterior oblique than in the right anterior oblique projection.
Q waves. Precordial Q waves in leads V2, V3 and V4
were accompanied by the most severe segmental wall motion abnormalities (Fig. 3A) . This was not only seen in the expected anterolateral, apical and septal areas (segments 2, 3 and 6, respectively), but also in the surrounding anterobasal and inferior areas (segments 1 and 4). Lead VI is not shown. Q waves in this lead had a lower predictive value compared with that of other precordial leads. In 5 of the 34 patients, the Q wave in lead V I was isolated. These five patients had synergy or hypokinesia only. Interestingly, precordial Q waves did not exhibit such influence on segment 5 (posterobasal area). QS complexes in lead VI correlated with a high percent (91%) of normal wall motion in segment 5.
When Q waves were seen in limb lead II, III or aVF, their presence was correlated with asynergy in all segments, though to a lesser extent than precordial Q waves (Fig. 3B) .
The most severe abnormalities were found in segments 3, 4 and 7. As expected, lead III had the lowest predictability. Q waves in lead III were related to abnormalities in segment 4. In 14 patients, Q waves were exclusively present in lead III. Of these 14 patients, 9 had asynergy manifesting itself only as hypokinesia scattered over all segments but segment 1. Five of them had hypokinesia in segment 4. Segmental wall motion for the leads suggestive of a lateral infarct is presented in Figure 4A . Q waves in leads I and aVL correlated with a higher incidence of asynergy in segments 2 and 3. Most of these patients also had an anterior infarct. Q waves were present in lead V5 in 15 patients and in lead V6 in 9 patients. The eight patients having Q waves in lead V5 and the four patients with a Q wave in lead V6 in the absence of inferior infarction had a higher incidence of asynergy in segment 1 (75%), compared with the seven patients with a Q wave in lead V5 in combination with an inferior infarct (57%) and the five patients with this phenomenon in lead V6 (40%). The presence of Q waves in lead V6 in combination with an inferior infarct was also of value. All five patients had asynergy in segment 7, 80% in segment 5 and 60% in segment 4.
Q waves in one or more leads were found in 125 patients. Asynergy in one or more segments was found in 105 (84%) of these 125 patients: 61 patients (58%) with hypokinesia, 26 (25%) with akinesia and 18 (17%) with dyskinesia. As expected there was a significant relation between the number of leads with Q waves and the degree of asynergy (p < 0.001). Thirty-five percent of the 79 patients having no Q waves had asynergy, compared with 55% of the 35 patients with a Q wave in only one lead and 66% of the 30 patients with Q waves in two leads. No patient with Q waves in three or more leads had an overall normal contraction pattern; most had akinesia or dyskinesia. The more leads with Q waves present, the smaller was the number of patients having hypokinesia only. When Q waves were present in seven or more leads (six patients) only akinesia or dyskinesia was seen. . J~r 40 40 20 20 . /(
Loss of R wave. Except for in lead V2 (Fig. 3A) , loss of R wave showed a lower predictive value than Q waves for left ventricular contraction pattern . However, the loss of the R wave affected the same segment s affected by Q waves in the same precordial leads.
R/S ratio of 1 or greater and positive T wave. Figure  4B give s data on the Rl8 ratio in leads VI and V 2 , and a positive T wave in lead VI in the presence of an RlS ratio of I or greater in lead VI or V2' An RlS ratio in lead VI exceeding I was related to a high incidence of asynergy in segments 4 and 7, whereas high R wave in lead V2 had a low incidence of abnormalities in segmental wall motion of the left ventricle. The incidence of a positive T wave in lead VI was higher and showed the same distribution of segmental wall motion as the RlS ratio in lead VI. As mentioned before, we used the RIS ratio in lead VI' the positive T wave in lead VI and the Q. wave in lead V6 (+ inferior infarction) as criteria for a posterior infarct electrocardiogram.
Infarct electrocardiogram. Table 2 presents the distribution of synergy and asynergy in patients having an infarct electrocardiogram. The percent of abnormal wall motion was approximately the same in all four types of myocardial infarction and varied between 83 and 94%. Patients with an anterior wall infarction had the highest percent of dyskinesia (32%). In contra st, among patients with a posterior infarction 79% had hypokinesia only. When all infarct electrocardiograms were combined, 124 patients showed an infarct electrocardiogram at one or more sites . In 107 (86%) of 124 patients, asynergy was found , In patients with an anterior and a lateral infarct electrocardiogram, the most severe wall motion abnormalities were found in segments 2, 3 and 6. A lateral infarct electrocardiogram had moderate (58%) asynergy in segment 1. Both groups of patients having a posterior or an inferior infarct electrocardiogram demonstrated left ventricular wall abnorma lities in segments 3, 4 , 5 and 7. Table 3 summarizes all results of the correlation between the presence or absence of an infarct electrocardiogram and left ventricular wall motion. Data derived from reported studies and our study are compared .
ST segment elevation. If 81' segment elevation was present in one or more leads, only 7 (9%) of 77 patients had a normal contraction pattern . If the lO patient s with ST segment elevation in lead VI were excluded, synergy was present in only 2 (3%) of 67 patients . Of the other 65 patients, 18 patients (28%) had dyskinesia, 17 (26%) had akinesia and 30 (46%) had hypokinesia .
ST segment elevation was frequently found in combination with one of the four types of infarct electrocardiogram . When patients with an infarct electrocardiogram were excluded , only four patient s showed 81' segment elevation , and three of these four had asynergy .
In Table 2 , S1' segment elevation in leads V2 to V4 was combined with an anterior infarct, 51' segment elevation in leads 11 or aVF with an inferior infarct, ST segment elevation in leads I, aVL , V s or V 6 (leads V s and V 6 in absence of an inferior infarct ) with a lateral infarct and ST segment elevation in lead V6 (in the presence of an inferior infarct) with a posterior infarct. This last combination was found only in three patients . Asynergy was more frequentl y observed in patients with than in patients without ST segment elevation (p < 0.00 I). In anterior and lateral infarct electrocardiogram s, the degree of asynergy was most severe in the group of patient s having ST segment elevation. Such a difference could not be established in patients with an inferior infarct electrocardiogram . The combination of 8T segment elevation in the presence of a posterior infarct was too rare to make conclusions . 81 segment depression and negative T waves. The majority of patients having ST segment depression at or 0.08 second after the J point, or negative T waves had asynergy (Table 4) . (In this table, negative T waves in lead V 1 were excluded because it is a normal pattern in that lead.) However, if the patients with an infarct electrocardiogram were excluded, asynergy was less than 50% in all three groups, while none of these patients had dyskinesia and only a few had akinesia.
Frontal plane electrical axis. The 20 patients with leftaxis deviation showed asynergy in most patients (Table 4) . Right-axis deviation and indetermined axis could not be analyzed because only three and four patients, respectively, showed this abnormality. The 177patients with intermediate axis had the lowest percent of segmental wall motion abnormalities.
Low voltage. All 19 patients with low voltage had asynergy t I'able 4); this was found in all segments except for segment 5.
Notching. Twenty-three patients had notching in the ascend mg or descending limb of the QRS complex (Table 4) . In these patients, the anterolateral, apical and septal areas showed a notably higher incidence of asynergy.
Discussion
Toe first correlations in patients with coronary artery disease between findings on the electrocardiogram and left ventricular abnormalities were established in postmortem studies (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . The introduction of left ventriculography permitted demonstration of abnormalities in left ventricular wall motion during life (34) (35) (36) (37) (38) (39) . Several authors (1-9) have studied the relation between abnormalities on the electrocardiogram (and vectorcardiogram) and abnormalities in left ventricular myocardial contraction.
Method of left ventricular wall motion analysis. The Stanford group has introduced a new method for left ventricular wall motion assessment in the 30°right anterior oblique projection (15) (16) (17) (18) (19) (20) (21) , which seemed to be more accurate compared with four other previously reported methods (21) .
When using the Stanford method for left ventricular wall motion assessment, one particular problem arose. In the 30°r ight anterior oblique projection, segment 1, the anterobasal area, could not be measured in a number of cases because inward movement of that segment during systole crossed the long axis. We found that in all these cases, wall motion of that segment was normal or hyperkinetic. Because our interest was to correlate the electrocardiogram with normal versus hypokinesia, akinesia or dyskinesia, and not hyperkinesia, the systolic contour of that segment was drawn close to the long axis at the other site of that line. Using this correction, segment 1 was classified as normal in all these cases.
Besides the 30°right anterior oblique projection, we also introduced a procedure for assessing segmental wall motion in the 60°left anterior oblique projection. To determine the value of our assessment of segmental wall motion, we com- pared the published results with our results. In most circumstances, our results show close similarity to the data from the nine studies on this subject (Table 3) (1-9). Arkin et a1. (9) were the only investigators who published similar observations on the value of the 60°left anterior oblique projection. They found exclusive asynergy in 3% in their series as compared with 7% in our study. We found also that 9% had more severe asynergy in the left anterior oblique than the right anterior oblique projection as compared with 14% in the series of Arkin et a1. Thus, the modifiedStanford method is acceptable for evaluating left ventricular segmental wall motion in both projections. A greater number of patients with asynergy in other than the corresponding (infarct-related) segments was found in our study (74%) as compared with the studies in the literature (27%). This is probably the consequence of our stricter definition of corresponding segments, in contrast to the larger areas used in the other studies. Palmeri, Selvester, Ideker and their coworkers (40-43) introduced even more subdivisions of the left ventricular wall. We feel that for this type of study, division in more segments will not provide additional information because there is too much overlap between the several segments. Another argument for our approach is that the division of the 30°right anterior oblique projection in five segments and the 60°left anterior oblique projection in two segments that we USed is widely applied in cardiology. Furthermore, our system can easily be obtained, even without the use of a computer.
Electrocardiogram. Q waves, R/S ratio and loss of R
wave. A high incidence of asynergy in the presence of Q waves on the electrocardiogram has been reported (1-9). This study, however, provides more detailed information on the localization and degree of asynergy. Most impressive was the significance of Q waves in precordial leads V2 to V 6 ( Fig. 3A and 4A ). Q waves in the limb leads correlated better with more localized abnormalities (Fig. 3B and 4A) . A new finding was that Q waves in lead V6, especially in combination of an inferior infarct electrocardiogram, pro- vided the most information about the posterior areas (segments 5 and 7). Only the relative low specificity of an isolated Q wave in leads III or VI was confirmed, The greater the number of Q waves in the 12 lead electrocardiogram, the more severe and extensive the injury of the left ventricle (40) .
The value of the RlS ratio in leads VI and V2, with or without positive T waves in lead VI, was of less use as an index of asynergy (Fig . 4B ). An RlS ratio of I or more in lead v2 had a low incidence of abnormal segmental wall motion, and therefore this lead should not be used to predict asynergy . This is in agreement with the findings of Arkin et al. (9) . A positive T wave , together with an RIS ratio of I or more in leads V I or V2 , had nearly the same incidence of asynergy as the RlS ratio in lead V1 alone. The high incidence of asyn ergy in segment 4 in this setting is probably the result of an occluded dominant right coron ary artery result .ng in an inferoposterior infarction. Q waves in leads II and V6 were more indicative of segmental wall motion abnormalities in the posterior segments than an RlS ratio of 1 or more and a positive T wave in lead V I ' A loss of the R wave in lead V2 (Fig. 3A) was a more precise indicator of segmental wall motion abnormalities than was the prese nce of this finding in lead V 3 or V 4 . In contrast with Q waves in the precordial leads , loss of R wave s or, in other words , the persi stence of a small R wave , suggests the presence of viable tissue of the left ventricle in the anterior segments. In the published data (7 ,13 ,26,44-46) , similar resu lts were found .
Infarct electrocardiogram . Previous studies (1-9) deterrni ned that there is a close correlation between asynergy and electrocardiographic signs of myocardial infarction (Table : ). However, there are no published data regarding later al wall infarctions . We found asynergy in most patients with .1 lateral infarct electrocardiogram. Asynergy was moderate III the antero basal area (segment I). In segments 2, 3 and 6, a higher percent of asynergy was found . The explanation probably is that most of the patients also had an anterior infarct electrocardiogram .
There is limited knowledge of the correlation between left ventricular wall motion and posterior infarction (1,9) . We studied 29 patients with a posterior infarct electrocardiogram . Twenty-four of these patients had asynergy . Whether any significance can be attached to the differences between our results and those of others (1,9) , is dubious because the numbers of patients are rather small in literature and in our study. One other explanation for the differences is probably that Arkin et al. (9) used other criteria for the diagnosis posterior infarct. We do agree with Arkin that, beside the RlS ratio of I or more in lead V I , the positive T wave should be included as a criterion for posterior infarc t electrocardiogram. We also feel that lead V6 should be used for the diagnosis of posterior infarct. This applies whe n the combination of Q waves in the inferior leads and V6 is seen .
The combined data from four studies (1,4,6,9) indicated that nearly 50% of the patients with a "normal" electrocardiogram (not showing an infarct electrocardiogram) had an abnormal contraction pattern . In our sample , 30 (38%) of 80 patients had asynergy in the presence of a "normal" electrocardiogram; while 25% of the patients with synergy had an infarct electrocardiogram , as compared with 8% in the literature . Several explanations for these discrepancies have been suggested (1,3 .7-9,13,47-56).
ST-T segment. ST-T segment abnormalities can be the result of a previous myocardial infarction . Several other causes for ST-T segment changes that may mimic electrocardiographic abnormalities suggestive of an infarct are pulmonary embolism. pericarditis, cerebrovascular disorders, hypothermia, hypokalemia , hyperkalemia and hyperventilation (57,58). Most, but not all , of these abnormalities could be ruled out as the cause of ST-T segment changes in our patients. On the other hand , ST segment abnormalities are also frequently related to cardiac drugs, such as digitalis, and noncardiac drugs (58) . Digitalis-induced T wave changes were excluded in this study by using the ST-T segment criteria described (see Methods).
ST segment elevation. In the presence of ST segment elevation severe left ventricular wall abnormalities were found ( Table 2 ). The significance of ST segment elevation was evaluated in only two studies (l,6). High percentages of asynergy (97%) in the presence of ST segment elevation were found in comparison to 84% the patients with Q waves without ST segment elevation. In all types of infarction, asynergy was found more frequently in patients with ST segment elevation than in patients without ( Table 2) .
These results indicate that the finding of ST segment elevation is a specific, and a sensitive indicator for severe damage of the left ventricle. This in contrast to the findings of Bodenheimer et al. (6) , who concluded that ST segment elevation was an insensitive, but highly specific indicator for an aneurysm. The explanation for this difference is probably the degree of ST segment elevation. We used ST segment elevation of 0.025 mV (0.25 min) or more in combination with convex upward ST segment.
ST segment depression and negative T wave. An interesting group of patients in our study was the patients showing either ST segment depression or a negative T wave. None of the previous studies reviewed the significance of these abnormalities. The results of our study (Table 4) showed, however, that their role as an independent predictor for asynergy of the left ventricle is less important. The major reason for this is that many other factors, such as drugs and electrolyte disturbances, can influence the ST-T segment (58) (59) (60) .
Frontal plane electrical axis. Patients with left-axis deviation had the most wall motion abnormalities in all segments (Table 4) . This is in agreement with the findings of Curd et al. (61) . As expected, wall motion abnormalities were primarily found in the inferior and apical areas.
Low voltage. Low voltage as a sign of diffuse myocardial involvement has been reported (56, 57) . All of our 19 patients with low voltage had asynergy (Table 4) .
It has been well documented (7, 26, 44, 45, 58 ) that extensive anterior wall infarction results in a significant amount of muscle damage of the left ventricle, resulting in significant loss of R wave voltage. This explains the relation between anterior infarcts and low voltage. Ten of the 19 patients with low R wave voltage had an anterior infarct electrocardiogram.
Notching. In patients experiencing notching, severe asynergy is a frequent finding (Table 4) . Fibrosis determined on the basis of a myocardial infarction could be the cause for notching (57) . Previous myocardial infarction was indeed present in 17 of the 23 patients.
Conclusions. Q waves and low voltage correlate highly with segmental wall motion abnormalities. ST segment elevation is the most important non-QRS abnormality that appears to be helpful in predicting asynergy. New data on posterior and lateral infarctions and other electrocardiographic abnormalities than Q waves are presented in this study. The division of left ventricular wall motion in more segments than used in the previous studies also provides additional information.
